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Twenty-nine intestinal spirochetes isolated from Australian aboriginal children and six strains from Italian
adults (HRM1, -2, -4, -5, -7, and -14) were genetically examined at 15 enzyme loci by using multilocus enzyme
electrophoresis. Results were compared with those previously obtained for 188 porcine intestinal spirochetes.
DNA from human strain HRM7 and porcine strain Serpulina hyodysenteriae P18A were also radioactively
labeled and hybridized with DNA from 12 other human and porcine intestinal spirochetes. Both the multilocus
enzyme electrophoresis and hybridization techniques demonstrated that the human spirochetes were not S.
hyodysenteriae. They belonged to another distinct genetic group of spirochetes that included P43/6/78, the
bacterium recovered from the first recorded case of porcine intestinal spirochetosis. Bacteria in this distinct
group also differed from Serpulina spp. in possessing only four, five, or occasionally six axial filaments, being
slightly thinner, and having more pointed ends. These findings add furtherweight to the possibility that human
intestinal spirochetes may act as enteric pathogens.
The large intestines of Africans, Australian aborigines,
Gulf Arabs, Indians, and homosexual men in Western soci-
eties are commonly colonized by anaerobic spirochetes (1,
11, 15, 18, 19, 24). In swine, intestinal spirochetes resem-
bling those seen in humans were originally divided into two
species. Ofthese, Serpulina hyodysenteriae is strongly beta-
hemolytic and is the etiologic agent of a colonic infection of
major economic importance, swine dysentery (8, 28). Ser-
pulina innocens, although closely resembling S. hyodysen-
teriae, is weakly beta-hemolytic and is generally considered
to be nonpathogenic (12, 28).
The clinical significance of colonization by intestinal spi-
rochetes in humans is unclear. The infection has been called
intestinal spirochetosis, and, in cases in which it has been
diagnosed, the bacteria are found as a thick film firmly
attached end-on to the colonic epithelium (14). This finding is
not a feature of swine dysentery caused by infection with S.
hyodysenteriae but does occur in another distinct condition
of swine, also called intestinal spirochetosis (10, 29). The
condition in swine results in soft porridge-like diarrhea,
reduced food intake, and depressed growth rate and is
associated with infection by weakly beta-hemolytic spiro-
chetes. Until recently, these spirochetes were assumed to be
atypical virulent strains ofS. innocens, but we have recently
demonstrated that they actually belong to a distinct genetic
group of spirochetes (16).
Recent DNA homology studies have been used to suggest
that human intestinal spirochetes, which are all weakly
beta-hemolytic, are closely related to porcine spirochetes of
the genusSerpulina and, moreover, belong to the pathogenic
species S. hyodysenteriae (2, 6). In view of the clinical and
histological similarities between intestinal spirochetosis in
humans and that in swine and our demonstration that the
spirochetes causing the condition in swine are not S. inno-
cens or S. hyodysenteriae, we have used multilocus enzyme
electrophoresis (MEE) and DNA homology determinations
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to reexamine genetic relationships between intestinal spiro-
chetes from the two species.
MATERUILS AND METHODS
Spirochetes. The 35 human spirochetal isolates that were
analyzed in the present work were from the feces ofpatients
with intestinal disorders. Twenty-nine were from Australian
aboriginal children with diarrhea (15); the other six (HRM1,
-2, -4, -5, -7, and -14) were from adults in Italy (26) (from A.
Sanna, Rome, Italy). Results from MEE of these isolates
were compared with those for 188 porcine spirochetes,
details of which are given elsewhere (16).
Selected human spirochetes were characterized on the
basis of their strength of beta-hemolysis, indole production,
enzyme profiles in API-ZYM, and morphology under the
electron microscope, as previously described for porcine
spirochetes (16). The spirochetes were all propagated in
prereduced anaerobic Trypticase soy broth supplemented
with 2% fetal bovine serum and a 1% ethanolic cholesterol
solution (13).
MEE. The methodology used for preparing cells for MEE
and for analyzing the electrophoretic mobility of their con-
stitutive enzymes followed that used previously for intestinal
spirochetes from swine (16, 17). Briefly, spirochetes in late
log phase were harvested from broth culture by centrifuga-
tion, washed, resuspended to 1011 cells in 2 ml of sonication
buffer, and lysed by sonication, and the supernatant contain-
ing constitutive enzymes was harvested by centrifugation
and stored at -70°C.
The cell lysates were subsequently thawed and electro-
phoresed in horizontal starch gels. The mobilities of the
following 15 enzymes were assayed: acid phosphatase, alco-
hol dehydrogenase, adenylate kinase, alkaline phosphatase,
esterase, fructose-1,6-diphosphatase, glucose phosphate
isomerase, guanine deaminase, glutamate dehydrogenase,
hexokinase, mannose-6-phosphate isomerase, nucleoside
phosphorylase, L-leucyl-glycylglycine peptidase, phospho-
glucomutase, and superoxide dismutase. Details of sub-
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strates and buffers for these enzymes are given elsewhere
(27).
Enzyme banding patterns were consistent with a single
locus coding for each enzyme, and mobility variants of the
enzymes were interpreted as the products of different alleles
at the corresponding locus. Groups of one or more isolates
with the same alleles at all loci were referred to as being an
electrophoretic type (ET). Genetic diversity (h) at each
enzyme locus was calculated as h = (1 - Ip,2) (n/n - 1),
wherepi is the frequency ofthe ith allele and n is the number
ofETs (20). Genetic distance between ETswas calculated as
the proportion of fixed loci at which dissimilar alleles oc-
curred, and the unweighted pair-group method of arithmetic
averages clustering fusion strategy was used to create a
phenogram (17). For the purpose of analysis, results for the
human spirochetes were pooled with those previously ob-
tained for 188 porcine spirochetes (16), and the resulting
phenogram is presented as Fig. 1.
DNA hybridization. DNA was extracted from 14 selected
isolates (see Table 3) by using techniques described for
porcine intestinal spirochetes (3). These spirochetes include
four strains from Italian adults (26), three from aboriginal
children (15), two porcine isolates from group C in Fig. 1 (Ml
and P43/6/78), the type strain ofS. innocens (B256), the type
strain of S. hyodysenteriae (B78), and three other well-
characterized strains ofS. hyodysenteriae (P18A, B204, and
B234) (16). Briefly, cells pelleted from broth were lysed with
lysozyme, proteinase K, and sodium dodecyl sulfate (SDS),
and the DNAwas extracted with phenol-chloroform-isoamyl
alcohol. After dialysis, the solution was digested with RNase
A, and the DNA was precipitated with ice-cold absolute
ethanol containing 3 M sodium acetate, spooled out on a
glass rod, and redissolved in sterile distilled water. DNA
concentrations were measured by using fluorometry.
DNA from human spirochetal strain HRM7 and from S.
hyodysenteriae P18A was then sonicated at 20 W for 2 min
with a model 1510 Labsonic sonicator (B. Braun, Melsun-
gen, Germany), with a 3-mm-diameter probe, to give an
average fragment length of 103 bp as determined by agarose
gel electrophoresis with HindIII-digested phage A DNA
molecular size markers. A 0.5-,ug sample of this sonicated
DNA in sterile distilled water was then labeled by nick
translation (23) by using a commercial nick translation kit
(Amersham International, Amersham, England). The pre-
cursor mixture contained 1 ,umol each of dGTP, dTfP, and
dATP and 15 p.Ci of[a-32P]dCTP (3,000 Ci/mmol, 10mCi/ml)
in a total volume of 50 ,ul. The reaction was started by the
addition of 2.5 U of DNA polymerase I and 50 pg of DNase
I. This mixture was incubated at 15°C for 1.5 h, and the
reaction was stopped by 10 min of incubation at 100°C.
Labeled DNA was separated from unincorporated nucle-
otides by using a Sephadex G-50 column. The specific
activity of the labeled DNA solutions was in excess of 107
cpm/,lg as assessed by scintillation counting.
The membrane hybridization technique that was then used
was based on standard methods (22, 25). A0.5-,ug sample of
unlabeled DNA from these two strains and from each of the
six other human and porcine strains shown in Table 3 were
first heated in a boiling water bath for 5 min to convert the
DNAto itssingle-stranded form. The tubeswere thencooled
on ice for 3 min, and 1 volume of 20x SSC (lx SSC is 0.15
M NaCl plus 0.015 M sodium citrate) was added before the
samples were placed in triplicate onto Hybond-N+ nylon
membranes (Amersham International) by using a Bio-dot
microfiltration apparatus (Bio-Rad Laboratories, Richmond,
Va.). Each membrane was thenplaced DNAside up on three
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FIG. 1. Phenogram ofgenetic distance (expressed as percentage
offixed allelic differences) among ETs of 188 porcine and 35 human
intestinal spirochetes, clustered by the unweighted pair-group
method of arithmetic averages strategy. Group C (ETs 57 to 99)
contains all of the human isolates in the 14 ETs outlined in bold. All
strains ofS. hyodysenteriae and S. innocens are located in group A.
sheets of Whatman no. 2 filter paper soaked in denaturing
solution (1.5 M NaCl, 0.5 M NaOH) for 5 min. The mem-
brane was then transferred to three sheets of filter paper
soaked in neutralization solution (1.5 M NaCl, 0.5 M Tris-
HCI [pH7.2], 0.001 M EDTA) for 1 min. The DNA was then
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fixed to the membrane byplacing it on the filter paper soaked
in 0.4 M NaOH for 20 min.
Before hybridization, the membranes were placed in a
polyethylene bag and prehybridized at 68°C for 1 h with 15
ml of hybridization buffer consisting of 5x SSPE (1x SSPE
is 0.18 M NaCl, 10 mM NaPO4, and 1 mM EDTA [pH 7.7]),
1% SDS, 0.5% low-fat skim milk powder, and 0.5 mg of
denatured herring sperm DNA per ml.
The radioactively labeled probe DNA was denatured by
boiling for 5 min, cooled on ice, and then added to the
hybridization buffer surrounding the membranes. The mem-
branes were then incubated for 16 h at 68°C in a shaking
water bath. After hybridization, the membranes were
washed twice for 10 min at room temperature in 2x SSPE-
0.1% SDS and then once for 15 min at 68°C in lx SSPE-
0.1% SDS. Autoradiographs were then made from the mem-
branes (4 h of exposure at -70°C).
Individual dots containing the hybridized DNA were then
cut from the membrane and placed in 3 ml of scintillation
fluid in scintillation vials, and their radioactivity was mea-
sured in a liquid scintillation counter (model LS 3801;
Beckman Instruments, Palo Alto, Calif.). The reading for the
dot for each strain was then calculated as a percentage of the
mean of five readings for DNA from the strain from which
the particular probe was prepared. The mean ofthese values
for each ofthree replicates for each strain was then recorded
as the percentage of homology for that strain relative to the
strain from which the probe was made.
RESULTS
Morphological and biochemical features. The phenotypic
properties of the human intestinal spirochetes are presented
in Table 1. All of the spirochetes were weakly beta-hemo-
lytic. Sixteen (46%) produced indole, of which 10 belonged
to ET69. Ofthe 20 isolates tested inAPI-ZYM, 13 (65%) had
a-galactosidase but not a-glucosidase activity, 1 had neither
enzyme, and 6 had a-glucosidase but not a-galactosidase
activity. All ofthe latter isolates also belonged to ET 69. All
of the isolates that were examined under the electron micro-
scope had four, five, or occasionally six axial filaments
inserted subterminallyin a single row. Some ofthese isolates
are also quoted in the literature as having four to six axial
filaments (5). In previous studies, we have shown that
porcine spirochetes that belong to group C of Fig. 1 have a
similar number ofaxial filaments inserted in the same way as
those of the human isolates, whereas spirochetes from
groups A and B have between 7 and 14 subterminal axial
filaments inserted in two rows (16). The spirochetes in group
C, from both swine and humans, also have more pointed
ends than the porcine spirochetes in groups A and B and are
thinner (0.19 to 0.27 ,um compared to 0.29 to 0.4 p,m) (16).
MEE. The 35 human spirochetes were distributed into 14
ETs, all clustered in group C on the phenogram that was
produced (Fig. 1). Altogether, the phenogram comprised 99
ETs, of which group C contained ETs 57 to 99. Fifty-six
porcine spirochetes were clustered in the other 29 ETs of
group C. Multilocus genotypes for group C are presented in
Table 2, and although many isolates from humans and swine
were clearly closely related, no ET contained isolates from
both species. Each ofthe six Italian strains had a uniqueET,
but the 29 isolates from aboriginal children were all located
in eight ETs (Table 1). One ET (no. 69) contained 10 isolates,
whereas two others (no. 70 and 79) contained 6 and 5
isolates, respectively. The first four isolates in ET 70 were
from a pair of siblings, sampled in consecutive years (15).
TABLE 1. ET and biochemical and morphological features of
human intestinal spirochetes
ET Strain Indoie a-Galacto- a-Gluco- No. of axial
designation sidasea sidasea filaments
59 HRM5 0 1 0 4-6b
63
64
65
Mar
Kar
HRM7
67 HRM2
68 HRM1
69 Que
Dis
WesA
Mel
Kid
Vri
Lev
Tum
Sta
Sha
70 MargA
MargB
MatA
MatB
Mar
Cis
78 HRM14
79 WesB
VirA
Joy
Let
Ama
80 Nao
81 JerA
82 Cha
Rus
Cut
83 HRM4
1 NT NT 4-6
1 1 0 4-6
0 1 0 4-6
0 1 0 4-6
0 1 0 4-5b
1 0 1 4-5
1 0 1 NT
1 0 1 NT
1 0 1 NT
1 0 1 NT
1 0 1 NT
1 NT NT NT
1 NT NT NT
1 NT NT 4-6
1 NT NT 4-6
0 1 0 5-6
0 1 0 NT
0 1 0 NT
0 1 0 NT
0 NT NT NT
0 NT NT NT
0 1 0 4-6"
0 1 0 4-5
0 1 0 NT
0 NT NT 5-6
0 NT NT NT
0 NT NT NT
1 0 0 4-6
1 NT NT 4-5
0 NT NT 4-6
0 NT NT NT
0 NT NT NT
1 1 0 4-6
aBiochemical reactivities: 1, positive; 0, negative. NT, not tested.
b Values for Italian strains are from reference 5.
Details ofthe porcine spirochetes in groups A and B have
been given elsewhere (16). Briefly, group A contained 98
isolates of strongly beta-hemolytic S. hyodysenteriae in the
first 29 ETs, seven indole-positive weakly beta-hemolytic
spirochetes in the next seven ETs ("Serpulina intermedi-
us"), and 10 isolates ofS. innocens in the last 10 ETs in the
group. Group B contained 17 weakly beta-hemolytic spiro-
chetes that phenotypically resembled S. innocens.
DNA hybridization. The results of DNA hybridization are
presented in Table 3 together with values obtained for
certain of these strains in a previous study (2). The radiola-
beled DNAfrom human strain HRM7 showed a high level of
homology with the other human strains (range, 67.1 to
126.1%) and with the two porcine spirochetes from group C
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TABLE 2. Alleles at 15 enzyme loci for group C spirochetes shown in Fig. 1
Ta No. of No. of alleles at the enzyme locusb
isolates ACP ADH AK ALP EST FDP GDA GDH GPI HK MPI NP PEP PGM SOD
57 2 6 3 4 1
58 1 6 3 4 1
59 1 6 3 4 1
60 7 6 3 4 1
61 1 6 3 4 1
62 3 6 3 4 1
1 6 3 4 1
2 6 3 4 1
1 6 3 4 1
66 1 6 3 2 1
1 6 3 1 1
1 6 3 2 1
69 10 6 3 2 1
7Q 6 6 3 2 1
71 2 6 3 4 1
72 1 6 3 4 1
73 2 6 3 4 1
74 2 6 3 1 1
75 1 6 3 4 1
76 5 6 3 4 1
77 3 6 3 4 1
la 1 6 3 4 1
22 5 6 3 4 1
80 1 6 3 4 1
81 1 5 3 4 1
3 6 3 2 1
1 6 3 2 1
84 1 6 3 4 1
85 3 6 3 4 1
86 1 6 3 4 1
87 1 6 3 4 1
88 1 6 3 4 1
89 1 6 3 4 1
90 1 7 3 4 1
91 1 7 3 4 1
92 2 7 3 4 1
93 4 7 3 4 1
94 1 6 3 4 1
95 1 7 3 4 1
96 1 5 3 4 1
97 2 5 4 4 1
98 2 3 3 2 1
99 1 7 3 2 1
4 4
4 4
4 4
4 2
4 4
4 4
4 3
5 3
4 3
4 3
4 3
4 4
4 3
4 3
4 3
3 4
4 4
4 3
4 4
4 3
4 3
5 4
4 3
4 3
4 3
4 3
5 4
5 3
5 3
4 3
4 3
4 3
4 4
4 4
4 4
4 4
4 4
5 4
4 4
4 3
6 3
6 4
6 3
5 2 5 1 2 4 3
5 2 5 2 2 4 3
6 2 5 1 2 4 3
5 2 5 1 2 4 2
5 2 5 1 2 4 2
5 2 5 1 4 4 2
5 2 4 1 2 4 3
5 2 4 1 2 4 3
5 2 5 1 2 4 3
4 2 5 1 2 4 2
5 2 5 1 2 4 2
4 2 5 1 2 4 3
6 2 4 1 2 4 3
6 2 5 1 2 4 3
4 2 5 1 2 4 4
4 2 5 1 2 4 4
4 2 5 1 2 4 4
3 2 5 1 2 4 3
3 2 5 1 2 4 3
4 2 5 1 2 4 3
4 2 5 1 2 4 3
6 2 5 1 2 4 3
6 1 5 1 2 4 3
6 1 5 1 2 4 2
6 1 4 1 2 4 3
4 1 5 1 4 4 3
5 1 5 1 2 4 2
5 2 5 1 2 4 2
5 2 5 1 2 4 4
5 2 5 2 4 4 2
6 2 5 2 2 4 2
4 2 5 2 2 4 2
4 2 5 1 2 4 2
4 2 5 1 2 4 2
4 2 5 1 6 4 2
4 2 5 1 6 4 2
4 2 5 1 2 4 2
4 2 5 1 7 4 5
4 2 5 1 1 5 5
5 2 5 1 3 4 2
3 2 5 1 6 4 2
2 2 5 1 7 4 3
2 2 5 3 7 4 3
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 1
2 2
2 2
2 1
3 1
3 2
3 1
3 2
2 2
2 2
2 2
2 2
2 2
1 1
3 1
1 1
1 1
1 1
3 2
3 2
3 2
4 1
4 1
4 2
4 2
3 2
3 2
3 2
3 2
a ETs that are underlined contain human spirochetes. "Abbreviations: ACP, acid phosphatase; ADH, alcohol dehydrogenase; AK, adenylate kinase; ALP, alkaline phosphatase; EST, esterase; FDP, fructose-
1,6-disphosphatase; GPI, glucose phosphate isomerase; GDA,guaninedeaminase; GDH,glutamatedehydrogenase; HK, hexokinase; MPI,mannose-6-phosphate
isomerase; NP, nucleoside phosphorylase; PEP, L-leucyl-glycylglycine peptidase; PGM, phosphoglucomutase; SOD, superoxide dismutase.
on the phenogram (83.5 and 128.9%) but gave low values common with the porcine spirochetes in group C, all had 4,
with the type strain ofS. innocens (strain B256, 18.6%), the 5, or occasionally 6 filaments inserted in one row. Similar
type strain ofS. hyodysenteriae (strainB78, 8.0%), and three observations have been made by other workers (2, 5). The
other strains of S. hyodysenteriae (range, 11.3 to 18.4%). human spirochetes also tended to be more slender than
Conversely, radiolabeled DNA from S. hyodysenteriae porcine spirochetes in groups A and B (which contained the
P18A gave high values with the other three strains of S. species S. hyodysenteriae and S. innocens), and their ends
hyodysenteriae (range, 88.3 to 104.1%) but low values with were more pointed. The biochemical reactivities of the
the other porcine spirochetes and with the human strains human spirochetes varied, but itwas ofinterest that all ofthe
(range, 5.2 to 11.9%). aboriginal isolates in ET 69 produced indole and had a-glu-
cosidase but not a-galactosidase activity. These are features
DISCUSSION usually associated with the strongly beta-hemolytic S. hyo-
This study has demonstrated that the human intestinal dysenteriae (9), although they are also shared with the
spirochetes studied differ from S. hyodysenteriae and S. weakly beta-hemolytic spirochetes in ETs 30 to 36 of group
innocens both morphologically and genetically. Serpulina A (16).
spp. have 7 to 14 axial filaments inserted subterminally in Results of MEE analysis clearly grouped spirochetes
two rows at both ends, whereas the human spirochetes, in isolated from Australian aboriginal children and from Euro-
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TABLE 3. DNA-DNA hybridization with the genomes of human
and porcine intestinal spirochetes and comparison with
published results
Source of unlabeled % Reassociatione with labeled DNA from:
DN).A HRM7 P18A Pl8Ab
Human spirochetes
Italian
HRM7 (ET 65) 100 8.6 ± 0.12 100.6 ± 6.3
HRM2 (ET 67) 99.9 ± 5.50 8.2 + 0.01 90.5 + 7.5
HRM4 (ET 83) 99.5 ± 1.09 11.9 + 0.42 104.8 + 9.7
HRM14 (ET 78) 95.4 ± 0.83 7.6 ± 0.30 55.6 ± 15.8
Australian
WesA (ET 69) 67.1 + 1.59 5.2 ± 0.20 ND
WesB (ET 79) 100.2 ± 6.30 9.7 ± 0.64 ND
Roch (ET 82) 126.1 + 9.90 11.2 + 0.28 ND
Porcine spirochetes
Group C
Ml (ET 66) 83.5 + 7.60 17.8 ± 2.35 93.3 + 19.9
P43/6/78 (ET 61) 128.9 + 5.30 19.4 ± 2.04 ND
S. innocens B256 18.6 ± 0.13 14.5 ± 0.90 ND
(ET 36)
S. hyodysentenae
P18A (ET 15) 18.4 + 1.20 100 100
B78 (ET 5) 8.0 ± 2.00 88.3 ± 7.10 ND
B204 (ET 18) 11.3 ± 1.20 104.1 + 1.00 ND
B234 (ET 1) 11.7 + 1.20 101.4 + 6.80 ND
a Mean + standard deviation of three separate reactions relative to the
labeled reference strain.
b Values are from reference 2. ND, not determined.
pean adults closely together and demonstrated their genetic
similarity to certain porcine spirochetes. These spirochetes
in group C of the phenogram were genetically distinct from
the Serpulina spp. which were located in group A (16).
Since these results were at odds with two previous studies
where DNA from S. hyodysenteriae P18A gave high homol-
ogyvalues with some ofthe same Italian human strains used
in the present study (2, 6) (Table 3), we elected to check our
MEE groupings by using DNA hybridization. The filter
hybridization technique used by us was different from that
employed by the previous workers, but the stringency of
hybridization was the same (annealing temperature, Tm -
25°C). Results from this work clearly demonstrated that the
human strains were closely related to porcine spirochetes of
group C and not to S. hyodysenteniae as hadbeen claimed (2,
6). Closer examination of these previous studies revealed
two main weaknesses. In both previous studies, DNA from
onlyone strain ofso-called S. hyodysenteriae wasused, and,
in the larger study (2), porcine spirochete Ml was used as an
example of S. innocens. Unfortunately, Ml is not S. inno-
cens but has four or five axial filaments andbelongs to group
C on the phenogram (16). We suspect that the DNAfrom the
so-called strain P18Athatwas used in these previous studies
(at the same laboratory) was in fact not from S. hyodysen-
teriae but originated from agroup Cspirochete. Since DNAs
from other genuine S. hyodysenteriae strains were not used
as controls, this error went undetected and the wrong
conclusions were drawn. This interpretation also explains
the unexpectedly high homologyvalues (93.3%) between the
so-calledS. innocens Ml and the so-called S. hyodysenteriae
P18A found in that work (2). This would occur if both
isolates actually belonged to the same species in group C.
The current study demonstrates that the human intestinal
spirochetes closelyresembleporcine spirochetes ofgroup C.
These porcine spirochetes include P43/6/78, in ET 61, the
original isolate used to produce porcine intestinal spirochet-
osis (29), as well as numerous Australian isolates from pigs
with similar conditions (16). While the clinical significance of
intestinal spirochetosis in humans has been questioned (14,
21), manyworkers believe that the spirochetes are the cause
of a variety of gastrointestinal disturbances, particularly
chronic diarrhea and rectal bleeding (4, 7, 11, 26). The
human spirochetes used in this study all came from individ-
uals with diarrhea or intestinal disturbances (15, 26), and
these fall within the general description of intestinal spiro-
chetosis.
There are a number of similarities between intestinal
spirochetosis in swine and that in humans. Both are associ-
ated with protracted diarrhea, with spirochetes attached
end-on to the colonic epithelium (10, 14). Our demonstration
that spirochetes recovered from the same condition in both
species are genetically related now adds weight to the belief
that these bacteria have a pathogenic role in humans. This is
further supported by the finding of only a small number of
spirochetal clones colonizing large numbers of children in a
remote and extended aboriginal community (15). For exam-
ple, 10 children were colonized by bacteria of ET 69, and six
children were colonized by spirochetes of ET 70. These ETs
only differed by a single allele at one enzyme locus. Further-
more, two siblings were found to be colonized by spiro-
chetes of ET 70 when sampled in consecutive years, sug-
gesting long-term colonization. All of these children had
severe to moderate diarrhea at the time of fecal sampling
(15).
In view of the widespread colonization by intestinal spi-
rochetes in people from many parts of the world where
chronic diarrhea is rife (1, 15, 18, 19), further study of the
bacteria is warranted. The availability of a similar infection
in swine may represent a useful experimental model of the
condition.
ACKNOWLEDGMENTS
This work was supported by grants from Murdoch University.
We thank A. Sanna for generously providing the human intestinal
spirochetes from Italy.
REFERENCES
1. Barrett, S. P. 1990. Intestinal spirochaetes in a Gulf Arab
population. Epidemiol. Infect. 104:261-266.
2. Coene, M., A. M. Agliano, A. T. Paques, P. Cattani, G. Dettori,
A. Sanna, and C. Cocito. 1989. Comparative analysis of the
genomes of intestinal spirochetes of human and animal origin.
Infect. Immun. 57:138-145.
3. Combs, B. G., D. J. Hampson, J. R L. Mhoma, and J. R.
Buddle. 1989. Typing of Treponema hyodysentenae by restric-
tion endonuclease analysis. Vet. Microbiol. 19:351-359.
4. Crucioli, V., and A. Busuttil. 1981. Human intestinal spirochaet-
osis. Scand. J. Gasteroenterol. Suppl. 77:177-179.
5. Dettori, G., G. Amalfitano, L. Polonelli, A. Rossi, R. Grillo, and
P. Plaisant. 1987. Electron microscopy studies of human intes-
tinal spirochaetes. Eur. J. Epidemiol. 3:187-195.
6. de Wergifosse, P., and M. M. Coene. 1989. Comparison of the
genomes of pathogenic treponemes of human and animal origin.
Infect. Immun. 56:1629-1631.
7. Gad, A., R. Willen, K. Furugard, B. Fors, and M. Hradsky.
1977. Intestinal spirochaetosis as a cause of long standing
diarrhea. Upsala J. Med. Sci. 82:49-54.
8. Harris, D. L., R. D. Glock, C. R. Christensen, and J. M. Kinyon.
1972. Swine dysentery. I. Inoculation of pigs with Treponema
hyodysenteriae (new species) and reproduction of the disease.
J. CLIN. MICROBIOL.HUMAN INTESTINAL SPIROCHETES 21
Vet. Med. Small Anim. Clin. 67:61-64.
9. Hunter, D., and T. Wood. 1979. An evaluation of the API-SYM
system as a means of classifying spirochaetes associated with
swine dysentery. Vet. Rec. 104:383-384.
10. Jacques, M., C. Girard, R. Higgins, and G. Goyette. 1989.
Extensive colonisation of the porcine colonic epithelium by a
spirochete similar to Treponema innocens. J. Clin. Microbiol.
27:1139-1141.
11. Jones, M. J., J. N. Miller, and W. L. George. 1986. Microbio-
logical and biochemical characterization of spirochetes isolated
from the feces of homosexual males. J. Clin. Microbiol. 24:
1071-1074.
12. Kinyon, J. M., and D. L. Harris. 1979. Treponema innocens, a
new species of intestinal bacteria, and emended description of
the type strain of Treponema hyodysenteriae. Int. J. Syst.
Bacteriol. 29:102-109.
13. Kunkle, R. A., D. L. Harris, and J. M. Kinyon. 1986. Auto-
claved liquid medium for propogation of Treponema hyodysen-
teriae. J. Clin. Microbiol. 24:669-671.
14. Lee, F. D., A. Kraszewski, J. Gordon, J. G. R. Howie, D.
McSeveney, and W. A. Harland. 1971. Intestinal spirochaetosis.
Gut 12:126-133.
15. Lee, J. L, and D. J. Hampson. 1992. Intestinal spirochaetes
colonizing Aborigines from communities in the remote north of
Western Australia. Epidemiol. Infect. 109:133-141.
16. Lee,J. I., D. J. Hampson, A.J. Lymbery, and S.J. Harders. The
porcine intestinal spirochaetes: identification of new genetic
groups. Vet. Microbiol., in press.
17. Lymbery, A. J., D. J. Hampson, R. M. Hopkins, B. G. Combs,
and J. R. L. Mhoma. 1990. Multilocus enzyme electrophoresis
for identification and typing of Treponema hyodysenteriae and
related spirochaetes. Vet. Microbiol. 22:89-99.
18. Macfie, J. W. S. 1917. The prevalence of Spirochaeta eurygy-
rata in Europeans and natives in the Gold Coast. Lancet
i:336-340.
19. Mathan, M. M., and V. I. Mathan. 1985. Rectal mucosal
morphological abnormalities in normal subjects in southern
India: a tropical colonopathy? Gut 26:710-717.
20. Nei, M. 1978. Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics 89:583-
590.
21. Nielsen, R. H., M. Orholm, J. 0. Pedersen, K. Hovind-Hougen,
and E. H. Thaysen. 1983. Colorectal spirochaetosis: clinical
significance of the manifestation. Gastroenterology 85:627.
22. Ramadass, P., R. B. Marshall, and B. D. W. Jarvis. 1990.
Species differentiation ofLeptospira interrogens serovarhardjo
strain Hardjoprajitno by DNA slot blot hybridisation. Res. Vet.
Sci. 49:194-197.
23. Rigby, P. W. J., M. Dieckmann, C. Rhodes, and P. Berg. 1977.
Labeling deoxyribonucleic acid to high specific activity in vitro
by nick translation with DNA polymerase I. J. Mol. Biol.
113:237-251.
24. Ruane, P. J., M. M. Nakata, J. F. Reinhardt, andW. L. George.
1989. Spirochete-like organisms in the human gastrointestinal
tract. Rev. Infect. Dis. 11:184-196.
25. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular
cloning, a laboratory manual, 2nd ed., p. 9.52-9.62. Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.
26. Sanna, A., G. Dettori, A. M. Agliano, G. Branca, R. Grillo, F.
Leone, A. Rossi, and G. Parisi. 1984. Studies of treponemes
isolated from human gastrointestinal tract. Ig. Mod. 81:959-973.
27. Selander, R. K., D. A. Caugant, H. Ochman, J. M. Musser,
M. N. Gilmour, andT. S. Whittam. 1986. Methods ofmultilocus
enzyme electrophoresis for bacterial population genetics and
systematics. Appl. Environ. Microbiol. 51:873-884.
28. Stanton, T. B. 1992. Proposal to change the genus designation
Serpula to Serpulina gen. nov. containing the species Serpulina
hyodysenteriae comb. nov. and Serpulina innocens comb. nov.
Int. J. Syst. Bacteriol. 42:189-192.
29. Taylor, D. J., J. R. Simmons, and H. M. Laird. 1980. Production
of diarrhoea and dysentery in pigs by feeding pure cultures of a
spirochaete differing from Treponema hyodysenteriae. Vet.
Rec. 106:326-332.
VOL. 31, 1993